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formula (wherein R1 is a 1-6C linear or branched satd. 

hydrocarbon group; 2 -- 3"? each H or a 1-18C 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the polyethylene macro monomer which has an 
acryloyl (meta) radical, i.e., an acryloyl radical, or a metiiacryloyl radical at the molecule end, and its 
manufacturing method. 
[0002] 

[Description of the Prior Art] Polyethylene is excellent in the cost property of mechanical **, and is 
used most broadly as a raw material of various resin products. Thus, the fact that polyethylene is 
chemically stable is cited as a reason polyethylene is widely used as a molding material. 
[0003] However, in case a high function is needed for this chemical stability to being the advantage 
about the physical properties of the time of shaping, and a product, it serves as hindrance to the attempt 
which is going to denaturalize chemically. This fault is compensated and the approach of carrying out 
the graft polymerization of the polar monomers, such as a maleic anhydride, to the bottom of existence 
of a peroxide etc. is leamed as an approach of giving functionality to polyethylene, to the approach of 
copolymerizing with polar monomers, such as vinyl acetate and methacrylic ester, with a high pressure 
process, or existing polyethylene, however, only the denaturation object of low density polyethylene is 
acquired depending on a high-pressure copolymerization method ~ not having - moreover, a graft 
polymerization method ~ if - control of the amount of denaturation is difficult in a homopolymer 
carrying out a byproduction etc. - generally it was difficult to obtain the denaturation polyethylene 
which controlled structure free. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, there is the macro monomer method used by 
Milkovich and others as a manufacturing method of the graft polymer by which structure was controlled 
(R.Milkovich, ACS Symp.Ser., 166, and 41 (1981)). A macro monomer is the polymer or ohgomer 
which had a polymerization possible radical in the end, and can compoimd the so-called graft polymer 
of Kushigata by copolymerizing with various vinyl monomers. This graft polymer can be used as the 
surface treatment agent of polymeric materials, or a compatibiHzer in the case of compound-izing with 
other macromolecules. 

[0005] However, there is no report of a polyethylene macro monomer and the macro monomer for high 

polyethylene reforming of versatility is needed. 

[0006] 

[Means for Solving the Problem] The approach of making acrylic-acid halide or methacrylic-acid halide 
reacting to the polyethylene alkoxide which this invention persons made living polyethylene reacting 
with a specific carbonyl compound wholeheartedly in this actual condition as a result of examination a 
polyethylene macro monomer being developed, or was compounded by oxygen acid-ization is 
succeeded in obtaining a header and a declared new molecular entity. 

[0007] That is, this invention offers the new polyethylene macro monomer shown below and its 
manufacturing method. 
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1. Polyethylene macro monomer which is expressed with degree type (1) and which has acryloyl (meta) 
radical at end. 

[0008] 
[Formula 3] 

R2 
I 

Ri-(CH2CH2)n-C-0-C-C=CH2 (1) 
I II I 
Rs 0 R4 

[0009] (For Rl, the straight chain of carbon numbers 1-6 or the saturated hydrocarbon radical of 
branching, and R2 and R3 are [ hydrogen or a methyl group, and n of the aliphatic series of hydrogen or 
carbon numbers 1-18 or an aromatic hydrocarbon radical, and R4 ] the integers of 10-1000 among a 
formula, and even if R1-R3 are the same, they may differ.) 

2. Manufacturing method of polyethylene macro monomer which has acryloyl (meta) radical at end 
which consists of the following processes. 

1) the phase of carrying out living polymerization of the ethylene using the straight chain of carbon 
numbers 1-6, or the alkyl lithium / the 3rd class diamine system initiator of branching, and the phase of 
making the carbonyl compound shown by 2 degree type (2) reacting ~ and [0010] 
[Formula 4] 

b2-C-R3 (2) 
II 
0 

[001 1] (R2 and R3 are the aliphatic series or aromatic hydrocarbon of hydrogen or carbon numbers 1-18 

independently among a formula.) 

3) (meta) Phase of making acrylic-acid halide reacting. 

[0012] 3. Manufacturing method of polyethylene macro monomer which has acryloyl (meta) radical at 
end which consists of the following processes. 

1) The phase of carrying out living polymerization of the ethylene using the straight chain of carbon 
numbers 1-6, or the alkyl lithium / the 3rd class diamine system initiator of branching, the phase of 
performing 2 oxygen-acid-ization, and the phase of making 3 (meta) acrylic-acid hahde reacting. 
[0013] This invention is explained in more detail below. The polyethylene macro monomer by this 
invention which has an acryloyl (meta) radical at the end has one or two hydrocarbon substituents to the 
carbon which an acryloyl radical or a methacryloyl radical combines. As this hydrocarbon substituent, 
the aliphatic series or the aromatic hydrocarbon radical of carbon numbers 1-18 is contained. Although it 
is also theoretically possible to use the thing of more carbon numbers than 18, it is not practical if the 
availability of a raw material, the physical properties of the polyethylene to generate, reactivity, etc. are 
taken into consideration. 

[0014] As an example of an aliphatic hydrocarbon substituent, a methyl group, an ethyl group, n-propyl 
group, i-propyl group, n-butyl, i-butyl, sec-butyl, tert-butyl, the straight chain of C5-C18 or the saturated 
hydrocarbon radical of branching, an alicycUc hydrocarbon radical, etc. are mentioned. In addition, 
when special, two substituents are connected with covalent bond and some in which the hydrocarbon 
ring containing the carbon atom combined with an acryloyl (meta) radical is formed are [******] in the 
range of this invention. A cyclopentane ring, a cyclohexane ring, etc. are mentioned as an example of 
this hydrocarbon ring. 

[0015] As an example of an aromatic hydrocarbon substituent, a phenyl group, a methylphenyl radical, 
an ethyl phenyl group, a naphthyl group, etc. are mentioned. 

[0016] for example, ~ three-dimensional - ** - a high substituent tends to reduce reactivity and these 
substituents affect the polymerization reactivity of a polyethylene macro monomer. 
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[0017] The polyethylene macro monomer which has an acryloyl (meta) radical at the end of this 
invention has the straight chain of carbon numbers 1-6, or the saturated hydrocarbon radical of 
branching at the end of the opposite side. That is, it is a methyl group, an ethyl group, n-butyl, etc., and 
2-methyl group, 3-methyl group, 2, and 2-dimethyl radical etc. is mentioned as an example of short- 
chain branch. To the physical properties of generation polyethylene, the branched chain of these ends 
discovers change of reducing the melting point, when the polymerization degree is low, but when 
polymerization degree is high, it does not do effect at all. 

[0018] The polyethylene macro monomer which has an acryloyl (meta) radical at the end of this 
invention is mixture which has the polymerization degree of the range of 10-1000 as an ethylene repeat 
unit. Although there is especially no limit in the distribution of polymerization degree, it is usually 1.05 
to about five. When a degree of polymerization is 300 or less in general, as for a generation polyethylene 
macro monomer, the plastics' appearance and physical properties are shown more than by it of Mr. 
Wacks. 

[0019] Next, the manufacturing method of the polyethylene macro monomer which has an acryloyl 
(meta) radical at the end of this invention is explained. The straight chain of carbon numbers 1-6 or 
living polymerization of the ethylene by the alkyl lithium / 3rd class diamine of branching is first 
performed as a first stage story. 

[0020] The aliphatic hydrocarbon solvent of a non-polarity is used in the living polymerization of 
polyethylene. As an example of this solvent, a pentane, a hexane, a heptane, an octane, a cyclohexane, a 
cyclopentane, etc. are mentioned. It is a cyclohexane preferably. 

[0021] As the straight chain of carbon numbers 1-6, or an alkyl lithium compoimd of branching, methyl 
lithium, an ethyl lithiiun, n-butyl lithium, s-butyl Uthium, t-butyl lithium, etc. are used. The organic 
radical of the lithium compoimd used here will be introduced into one end of the polyethylene to 
generate. 

[0022] As the 3rd class diamine, 2 thru/or three things are suitably used for the atomic number between 
two nitrogen. Tetramethylethylenediamine, dipiperidinoethane, JIPIRORIJINO ethane, sparteine, etc. 
are mentioned as an example of this diamine. 

[0023] 0.1-lOEq of the 3rd class diamines of such is usually used to alkyl lithium. When there is less 
amount of the 3rd class diamine used than 0.1 Eq, a polymerization is late, and the yield of an organic 
radical installation reaction becomes low, and if [ than lOEq ] more, that in which a living end 
deactivates will increase. 

[0024] The living polymerization of ethylene advances by introducing ethylene into the hydrocarbon 
solution containing an above-mentioned alkyl lithium compound and the 3rd class diamine. Although 
there is especially no limit in the introductory pressure of ethylene, lkg/cm2 - 100kg/cm2 is suitable. 
When lower than lkg/cm2, a polymerization reaction is too slow and is not economical. On the other 
hand, in the high pressure exceeding 100kg/cm2, a polymerization is too quick and control of a reaction 
becomes difficuh. 

[0025] A polymerization is suitably performed at 0 degree C - 100 degrees C. It is 20 degrees C - 80 
degrees C desirably. Since a polymerization reaction will become slow too much and the polyethylene to 
generate will become easy to precipitate if reaction temperature is lower than 0 degree C, it is not 
desirable. On the other hand, since a living end will become easy to deactivate if reaction temperature 
exceeds 100 degrees C, it is not desirable. 

[0026] Although polymerization time amount changes with polymerization temperature, the 3rd class 
diamine concentration, ethylene installation pressures, etc., generally it is about 24 hours from 0.1 hours. 
By changing polymerization time amount, the molecular weight of the polyethylene to generate is 
controllable. As long as the heat of polymerization is removable from the point which prevents 
deactivation of a living end, as for polymerization time amount, it is desirable that it is a short time if 
possible. 

[0027] A carbonyl compound is made to react to the living end generated by the above-mentioned 
approach as a second stage story. A specific aldehyde and a ketone are used as a carbonyl compound, 
and it is properly used suitably according to the end structure made into the purpose. When using an 
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aldehyde and using the ketone of the 1st class or the 2nd class, the lithium alkoxide of the 3rd class will 
be introduced. As this aldehyde and a ketone, what has the aliphatic series or the aromatic hydrocarbon 
radical of carbon numbers 1-18 is used. 

[0028] Usually, the nucleophilic raddition to the carbonyl compound of alkyl lithium carries out the 
byproduction of the polyethylene which does not have an end functional group at a certain amount of 
rate in order to compete with the abstraction reaction of alpha hydrogen. Although it is based also on a 
reaction condition when using the ketones which have the methyl group which adjoined the carbonyl 
group, end installation conversion is only about 50 - 70%. As an example of these ketones, an acetone, 
2-butanone, 2-pentanone, 3-methyl-2-butanone, an acetophenone, etc. are mentioned. Since an 
abstraction reaction becomes slow in the ketone which the radical which adjoined the carbonyl group is 
except a methyl group, and has alpha hydrogen, the rate of installation of an organic radical improves 
and reaches to 70 - 90%. 3-pentanone, cyclopentanone, a cyclohexanone, etc. are mentioned as an 
example of this ketone. On the other hand, in aldehydes with less steric hindrance than a ketone, even if 
there is alpha hydrogen, content polyethylene, such as the target hydroxyl group, can be obtained abnost 
quantitatively. Pro panhard, butanal, pentanal, hexanal, etc. are mentioned as an example of this 
aldehyde. In a carbonyl compound without alpha hydrogen, an organic radical is introduced ahnost 
quantitatively. Formaldehyde, a benzaldehyde, a benzophenone, etc. are mentioned as an example of this 
carbonyl compound. In these carbonyl compounds and aldehydes, it is possible to obtain the rate of 
installation exceeding 90%. 

[0029] Although there is especially no limit in the amount of a carbonyl compound, since it is a very 
quantitive reaction, one 1.2 times superfluous molar quantity extent [ an equimolecular amount thru/or ] 
of this is enough to a living end. Since use of a superfluous carbonyl compound produces side reaction, 
such as a Cannizzaro reaction and aldol condensation, it is not desirable. 

[0030] The reaction of a carbonyl compound and living polyethylene is completed within about 1 
minute also at a room temperature in a homogeneous system. However, when the molecular weight of 
polyethylene is generating precipitation highly, the reaction of several minutes - several hours is needed. 
Although there is especially no limit in reaction temperature, 0 degree C - 100 degrees C are usually 
preferably performed at 20 degrees C - 80 degrees C. It is carried out in the temperature same generally 
as the temperature used for the polymerization. Although not limited especially about the addition 
approach of a carbonyl compound, it is desirable to add, after diluting with the hydrocarbon solvent used 
for a polymerization [ a minute amount every ] from being accompanied by generation of heat. 
[0031] In the manufacturing method of the polyethylene macro monomer which has an acryloyl (meta) 
radical at the end of this invention, it is also possible to replace with a reaction with the carbonyl 
compound like the above, and to perform oxygen acid-ization of a living end as a second stage story. 
After removing the ethylene gas in the reactor containing the living polyethylene which specifically 
reached predetermined molecular weight, it is attained by introducing oxygen. It is desirable to adjust a 
reaction rate using the oxygen diluted by suitable concentration depending on the reaction condition 
with inert gas, such as nitrogen and an argon. Generally this oxygen acid-ization is attained by 
introducing dry air. The introductory rate and pressure of oxygen (mixing) gas will not be restricted 
especially if it is the range which can control a reaction rate. In order to prevent generation of a 
peroxide, introducing a minute amount every is desirable. Although there is especially no limit also 
about the temperature at the time of performing an oxygen acid-ized reaction, -78 degrees C - 100 
degrees C are usually -30 degrees C - 70 degrees C preferably. 

[0032] Although the polyethylene generated even on the second stage story has the lithium alkoxide at 
the molecule end, it makes acrylic-acid (meta) halide, i.e., an acrylic acid, or a methacrylic acid react to 
the molecule end of the polyethylene obtained by the above-mentioned approach as the third step next. 
Although there is especially no limit in the amount of the acrylic-acid halide to add (meta), it is good to 
an alkoxide end at a 1 to 1.2 time mol equivalent grade. Although this reaction is slow compared with 
the reaction of a carbonyl compound and alkyl lithium, it is completed within several [ about ] minutes 
above a room temperature. However, when the molecular weight of an alkoxide becomes very large, the 
reaction on several [ several hours - ] is needed. Although there is especially no limit in reaction 
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temperature, 0 degree C - 100 degrees C are usually preferably performed at 20 degrees C - 80 degrees 
C. The same [ as that of the temperature generally used at the pre-reaction ] or it is carried out a little at 
an elevated temperature. 
[0033] 

[Effect of the Invention] By this invention, the new polyethylene macro monomer which has an acryloyl 
(meta) radical at the end can be obtained by high yield and the high grade. Since the polyethylene macro 
monomer obtained by this invention has an acryloyl radical at every (meta) one molecule end of ahnost 
all, it can compound the Kushigata graft polymer by copolymerizing with other various vinyl 
monomers. Moreover, this graft polymer is used suitable for the compatibilizer for polymer blends, a 
surface treatment agent, etc. 
[0034] 

[Example] An example is used for below and this invention is explained to it in more detail. 
Into the 11. autoclave which carried out the example 1 nitrogen purge, desiccation cyclohexane 400ml, 
tetramethylethylenediamine 3ml, and n-butyl lithium (1.6 mols/(l.)) 12.5ml were taught, and ethylene 
gas was introduced by the pressure of 2kg/cm2 in 30 degrees C. After performing a polymerization for 
30 minutes, the nitrogen purge of the ethylene gas was removed and carried out, and benzaldehyde 
2.2ml was dropped there. After making it react for 5 minutes at 30 degrees C, methacrylic-acid chloride 
2.2ml was dropped. After making it react for 15 minutes at 30 degrees C, the autoclave was opened and 
contents were supplied in the 21. methanol. After agitating for 1 hour, the solid-states generated in 
filtration under reduced pressure were collected, it dried under the vacuimi in 50-degree C oven for 24 
hours, and the white soUd-state was obtained. The number average molecular weight of a product was 
730 as a result of the GPC analysis (it proofreads by alt.dichlorobenzene, 135 degrees C, and the 
polyethylene correlation sample) using the equipment of a 13.0g and the product made from Waters. 
[ yield / of a product ] 

[0035] One H-NMR analysis (the product made from Bruker, 200MHz, tetrachloroethylene, 80 degrees 
C.) DMS0-d6 was used with the double pipe as a lock solvent, and TMS was used as an extemal 
standard, a result ~ 0.8 ppm (triplet) ~ an initiation end methyl group and near 1 .2 ppm, the signal of a 
phenyl group was observed by the methylene group of a principal chain, and 2.0 ppm (double doublet) 
at the methyl of a methacryloyl radical, 5.5, and 6.2 ppm, and was observed by the vinyl of a 
methacryloyl radical, and 5.8 ppm (triplet) benzylic-position methine and near 7.2 ppm. The integral 
ratio of each signal showed that the rate of end methacryloyl radical installation was 87%. 
[0036] After performing the polymerization of ethylene by the same approach as example 2 example 1, 
ethylene gas was removed and it permuted by dry air. After performing oxidation reaction for 10 
minutes at 30 degrees C, methacrylic-acid chloride 2.2ml was added and it was made to react for 15 
minutes. After treatment was performed like the example 1 and 12. 8g of white solid-states was obtained. 
670 (the same GPC as an example 1) and the rate of end methacryloyl radical installation of number 
average molecular weight were 80% (the same 1 H-NMR as an example 1). 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The polyethylene macro monomer which is expressed with a degree type (1) and which has an 
acryloyl radical or a methacryloyl radical at the end. 
[Formula 1] 

R2 
I 

Ri-(CH2CH2)a-C-0-C-C=CH2 (1) 
I II I 
Rs 0 R4 

(For Rl, the straight chain of carbon numbers 1-6 or the saturated hydrocarbon radical of branching, and 
R2 and R3 are [ hydrogen or a methyl group, and n of the aliphatic series of hydrogen or carbon 
numbers 1-18 or an aromatic hydrocarbon radical, and R4 ] the integers of 10-1000 among a formula, 
and even if R1-R3 are the same, they may differ.) 

[Claim 2] 1) the phase of carrying out living polymerization of the ethylene using the straight chain of 
carbon numbers 1-6, or the alkyl lithium / the 3rd class diamine system initiator of branching, and the 
phase of making the carbonyl compound shown by 2 degree type (2) reacting - and [Formula 2] 

ft2-C-R3 (2) 
II 
0 

(R2 and R3 are the aliphatic series or aromatic hydrocarbon of hydrogen or carbon numbers 1-18 
independently among a formula.) 

3) The manufacturing method of the polyethylene macro monomer which has an acryloyl radical or a 
methacryloyl radical at the end which consists of a phase of making acrylic-acid halide or methacrylic- 
acid halide reacting. 

[Claim 3] 1) The manufacturing method of the polyethylene macro monomer which has an acryloyl 
radical or a methacryloyl radical at the end which consists of a phase of carrying out living 
polymerization of the ethylene using the straight chain of carbon numbers 1-6, or the alkyl Uthium / the 
3rd class diamine system initiator of branching, and a phase of making the phase of performing 2 
oxygen-acid-ization and 3 acrylic-acid halide, or methacrylic-acid halide reacting. 

[Translation done.] 
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JAPANESE I [JP,06-329720,A] 



CLAIMS DETAILED DESCRIP TION TECHNICAL FIELD PRIOR ART EFFECT OF THE 
nsfvENTION TECHNICAL PROBLEM MEANS" EXAMPLE 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] By this invention, the new polyethylene macro monomer which has an acryloyl 
(meta) radical at the end can be obtained by high yield and the high grade. Since the polyethylene macro 
monomer obtained by this invention has an acryloyl radical at every (meta) one molecule end of almost 
all, it can compoxmd the Kushigata graft polymer by copolymerizing with other various vinyl 
monomers. Moreover, this graft polymer is used suitable for the compatibilizer for polymer blends, a 
surface treatment agent, etc. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

EXAMPLE 

[Example] An example is used for below and this invention is explained to it in more detail. 
Into the 11. autoclave which carried out the example 1 nitrogen purge, desiccation cyclohexane 400ml, 
tetramethylethylenediamine 3ml, and n-butyl hthium (1.6 mols/(l.)) 12.5ml were taught, and ethylene 
gas was introduced by the pressiu'e of 2kg/cm2 in 30 degrees C. After performing a polymerization for 
30 minutes, the nitrogen purge of the ethylene gas was removed and carried out, and benzaldehyde 
2.2ml was dropped there. After making it react for 5 minutes at 30 degrees C, methacrylic-acid chloride 
2.2ml was dropped. After making it react for 15 minutes at 30 degrees C, the autoclave was opened and 
contents were supplied in the 21. methanol. After agitating for 1 hour, the soUd-states generated in 
filtration under reduced pressure were collected, it dried under the vacuum in 50-degree C oven for 24 
hours, and the white sohd-state was obtained. The number average molecular weight of a product was 
730 as a result of the GPC analysis (it proofreads by alt.dichlorobenzene, 135 degrees C, and the 
polyethylene correlation sample) using the equipment of a 13.0g and the product made from Waters. 
[ yield / of a product ] 

[0035] One H-NMR analysis (the product made from Bruker, 200MHz, tetrachloroethylene, 80 degrees 
C.) DMS0-d6 was used with the double pipe as a lock solvent, and TMS was used as an external 
standard, a result - 0.8 ppm (triplet) ~ an initiation end methyl group and near 1 .2 ppm, the signal of a 
phenyl group was observed by the methylene group of a principal chain, and 2.0 ppm (double doublet) 
at the methyl of a methacryloyl radical, 5.5, and 6.2 ppm, and was observed by the vinyl of a 
methacryloyl radical, and 5.8 ppm (triplet) benzylic-position methine and near 7.2 ppm. The integral 
ratio of each signal showed that the rate of end methacryloyl radical installation was 87%. 
[0036] After performing the polymerization of ethylene by the same approach as example 2 example 1, 
ethylene gas was removed and it permuted by dry air. After performing oxidation reaction for 10 
minutes at 30 degrees C, methacrylic-acid chloride 2.2ml was added and it was made to react for 15 
minutes. After treatment was performed like the example 1 and 12. 8g of white solid-states was obtained. 
670 (the same GPC as an example 1) and the rate of end methacryloyl radical installation of number 
average molecular weight were 80% (the same 1 H-NMR as an example 1). 

[Translation done.] 
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